SSC17-IX-02
Joint observations with the Puerto Rico CubeSat,
the Aguadilla Radio Array, and Arecibo Observatory
Brett Isham
Interamerican University of Puerto Rico
bisham@bayamon.inter.edu
Jan Bergman
Swedish Institute of Space Physics
jb@irfu.se
Amílcar Rincon-Charris
Interamerican University of Puerto Rico
arincon@bayamon.inter.edu
Fredrik Bruhn
Malardalen University
fredrik.bruhn@mdh.se
Peter Funk
Malardalen University
peter.funk@mdh.se
Björn Gustavsson
University of Tromso
bjorn.gustavsson@uit.no
Terence Bullett
University of Colorado / NOAA
terry.bullett@noaa.gov
Linda Krause
NASA Marshall Space Flight Center
linda.h.krause@nasa.gov
ABSTRACT
The ionosphere is a source of natural radio emissions in the low-frequency, medium-frequency, and high-frequency
bands (0 to 30 MHz). In addition to natural emissions, artificial emissions can be stimulated using high-power
radiowave ionospheric modification facilities, of which one is located at Arecibo Observatory in Puerto Rico. Two
complementary projects are underway for the purpose of measuring stimulated radio emissions from the ionosphere
above Arecibo. One involves the GimmeRF radio instrument, designed for 0 to 30 MHz vector observation of the
radio electric field, and planned for launch on the Puerto Rico CubeSat. A second instrument, CARLO, will
measure ion irregularities, temperature, and turbulence. The second project is the Aguadilla radio array, currently
being installed at the Interamerican University Aguadilla Campus in northwestern Puerto Rico. The Aguadilla array
is intended to measure 2 to 25 MHz radio images of the ionosphere, as well as to perform bistatic radar imaging of
the ionosphere over Puerto Rico. Radio images produced by the Aguadilla array below the ionosphere can be
directly compared with the radio data received by Puerto Rico CubeSat in-situ in the topside ionosphere, with the
goal of better understanding the geometry and mechanisms of the radio emission processes.
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INTRODUCTION
The ionosphere is a radio source at many frequencies.
In particular, emissions in the medium- and highfrequency bands (0 to 30 MHz) have been studied for
many years.7 In addition to natural emissions, artificial
radio emissions can be produced using high-power
radiowave ionospheric modification facilities, 9 of which
one is located at Arecibo Observatory in Puerto Rico. 6,2
Two complementary projects are underway for the
purpose of measuring stimulated radio emissions from
the ionosphere above Arecibo.
One project involves the GimmeRF radio instrument,
designed for 0 to 30 MHz vector observation of the
radio electric field, and planned for launch on the
Puerto Rico CubeSat. By exploiting fast on-board
computing and efficient artificial intelligence (AI)
algorithms for analysis and data selection, the usage of
the telemetry link can be optimized and value added to
the mission. A second instrument on the CubeSat,
CARLO, will measure ion irregularities, temperature,
and turbulence.
The second project is the Aguadilla radio array,
currently being installed at the Interamerican University
Aguadilla Campus in northwestern Puerto Rico (see
Figure 1). The Aguadilla array is intended to measure 2
to 25 MHz images of ionospheric radio emissions, as
well as to perform bistatic radar imaging of the
ionosphere over Puerto Rico. The array will consist of
24 antenna elements, each of which is a single active
(electromagnetically short) crossed electric dipole.
Nineteen of these elements will be arranged within a
roughly 200 by 300-meter area, in a semi-random
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pattern providing an optimal distribution of baseline
vectors, with 6-meter minimum spacing to eliminate
spacial aliasing. An additional five elements will be
arranged in a partial ring around the central core,
providing a roughly five times expanded region in u-v
space for improved image resolution and quality. A
relocatable six-element array is also being developed, in
which each element consists of a single crossed pair of
active electric dipoles and all associated electronics for
phase-coherent radio measurements. Radio images
produced by the Aguadilla array below the ionosphere
can be directly compared with the radio data received
by Puerto Rico CubeSat in-situ in the topside
ionosphere, with the goal of better understanding the
geometry and therefore the mechanisms of the radio
emission processes.
THE PUERTO RICO CUBESAT
The Puerto Rico CubeSat (see Figure 2) is an
educational and scientific collaboration between
Interamerican University of Puerto Rico, the University
of Puerto Rico, NASA, Mälardalen University and the
Institute of Space Physics in Sweden, and the
Aerospace Corporation. The Bayamón Campus of
Interamerican University of Puerto Rico is the lead
institution, with ion and radio instruments being
provided by NASA Marshall Space Flight Center, and
Mälardalen University in collaboration with
Interamerican University, respectively.
The Puerto Rico CubeSat is a 3U (10x10x30 cm)
configuration. Active attitude control will be used to
align the long (3U) axis along the orbital path, and the
satellite will spin around the 3U axis to assist in thermal

management. The Puerto Rico CubeSat will orbit at
about 400 km altitude. Control of the satellite and
downloading of data will be via a 920-MHz radio
communications system.
Principal project goals include providing aerospace and
systems engineering experiences to students at the
participating institutions and acquisition of space
weather data to aid in better understanding of the
connections between the Sun and the Earth and its
effects on satellites and space technology.
The Puerto Rico CubeSat will carry two scientific
payloads: GimmeRF, for measurements of ionospheric
radio emissions, and CARLO, for measurements of low
frequency plasma turbulence.
CARLO
CARLO (Charge Analyzer Responsive to Local
Oscillation) is a Faraday cup designed to measure ion
turbulence between 0 to 10 kHz, which affects radio
propagation in the high-frequency radio band measured
by GimmeRF. CARLO will be mounted in a ram
configuration, giving it the ability to distinguish
between ambient and spacecraft-induced irregularities
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in plasma density. CARLO will record an average of
one turbulence spectrum per second.
GimmeRF
GimmeRF (Gimme Radio Frequency) will measure
ionospheric radio emissions between 0 to 30 MHz using
a direct-sampling receiver board, atmospheric-noiselimited preamplifiers, and electrically short monopole
antennas. The antennas will be connected to enable 2
and 3-dimensional measurements of the radio electric
field, which will make it possible to characterize the
signals in terms of their 3-D generalized Stokes
parameters, and to perform direction finding (see Figure
3).
GimmeRF is a high-performance four-channel receiver.
It will be able to perform cutting-edge research, and an
important capability for that purpose is to perform highquality 2- and 3-dimensional measurements of the radio
electric field, in order to provide the maximum possible
information about incoming radio waves. Our aim is to
record well-calibrated, 3-D vector electric field
measurements of incident MF/HF waves during
energetic natural events, artificial ionospheric
modification, and at other times, during a variety of

geospace conditions and across diverse geographic
regions, and to compare them with ground-based
observations. 3-D measurements will allow fullpolarization and direction-of-arrival studies unique to
the geospace region, at high time and frequency
resolution. A custom-designed 3-D radio antenna,
paired with the exceptional capabilities of the
GimmeRF instrument, will give GimmeRF the potential
for ground-breaking measurements. 10
At the frequencies measured by GimmeRF, the
antennas would be electrically short, making them
broad-band and requiring active preamplifiers between
the antennas and the inputs to GimmeRF. The
GimmeRF antennas will be connected to atmosphericnoise-limited differential preamplifiers with a third
order intercept (IP3) of +30 dBm. The preamp board
can accommodate up to four preamplifiers, whose
outputs will be sampled by a four-channel directsampling receiver board. Detailed characterization of
the directional capabilities of the antenna design will be
a product of the modeling and validation of the antenna.
GimmeRF will be capable of continuously recording
the entire 0-30 MHz radio band, corresponding to a data
rate of up to about 24 Tb (terabits) per orbit (assuming
a 100-minute orbit at about 400-km altitude). Through a
collaboration with the Aerospace Corporation, we have
access to six 920-MHz ground stations, located in
Puerto Rico, Florida, Texas, California, Hawaii, and
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Guam. There will be about two passes per day per
ground station for a total of about 10 Mb (megabits) of
data per orbit download capacity available to the
GimmeRF radio instrument. A factor of about 2.4 x 106
radio data reduction is therefore required (see Figure 4).
To accomplish this, we plan to implement artificial
intelligence capabilities on-board the CubeSat, for
automated selection of the data to be downloaded. 1 For
this purpose, GimmeRF incorporates a CPU/GPU and
FPGA, together capable of providing up to 2 TFLOPs
for on-board data analysis.
THE AGUADILLA RADIO ARRAY
The Aguadilla Radio Array is planned to be located at
the Interamerican University campus in Aguadilla,
Puerto Rico. It is intended for broad-band medium and
high-frequency (roughly 2 to 25 MHz) radar
observations of the ionosphere, in collaboration with
the University of Colorado Versatile Interferometric
Pulsed Ionospheric Radar (VIPIR) transmitter,4,5,11
located at the USGS San Juan Observatory in Cayey,
Puerto Rico, and for observations of ionospheric radio
emissions stimulated by the Arecibo Observatory highpower high-frequency transmitter. The goals of the
project include space and atmospheric research and the
development of radio sounding, polarization,
interferometry, and imaging techniques. 7,3

The Aguadilla array will be 109 km from the Cayey
VIPIR radar, and 41 km from the Arecibo Observatory,
along a single line-of-sight (see Figure 1). The array
will receive bistatic soundings from Cayey and
ionospheric radio emissions from above Arecibo. The
Aguadilla receiving system will be a new version of the
VIPIR receiving system designed and manufactured by
Scion Associates. The receivers have 16-bit ADCs
sampling at 100-MHz. Control is via USB 2 and data
transfer via USB 3. Phase coherence is maintained via a
GPS-disciplined rubidium clock.
The antenna array
The main array will have 24 antenna towers, with 48
receiving channels. Each antenna element consists of a
short active electric crossed dipole antenna. 19 elements
will form a central core, and five "ring" antennas will
improve resolution by nearly a factor of three (see
Figure 5). The array will work between 1 and 25 MHz
with the shortest spacing between elements equal to 1/2
wavelength at 25 MHz, or 6 meters, to avoid spacial
aliasing and potential confusion between any signals,
including wanted radio emission and unwanted radio
interference.
In addition, several antennas and receivers will be
available for remote use (see Figure 6). A primary goal
is to increase the baseline between antenna elements
and thus the resolution of the measurements. Increased
resolution is desired for detailed spatial resolution
within the beam of the Arecibo Observatory high-power
high-frequency transmitter, which is only a few times
larger than the resolution of the main array.

SCIENTIFIC GOALS
Radio emissions from the ionosphere have been
extensively studied from the ground and on occasion
from space. A principle goal of the Puerto Rico CubeSat
mission is the detection and investigation of strong
natural and artificially-induced radio emissions in the
Earth’s ionosphere.8,9
Artificial radio emissions are driven by a high-power
radio transmitter, or pump, at a known frequency, and
occur only in the beam of the transmitting antenna
when the pump is on. Such transmitters operate in
Alaska, Puerto Rico, Norway, and Russia.
Natural radio emissions occur primarily in the auroral
zones and at the equator. Natural emissions occur
unpredictably over long periods of time in a much
broader bandwidth than in the artificial case (MHz vs.
kHz), and therefore have the potential to produce much
more data than artificial emissions.
The low orbit of the Puerto Rico CubeSat (likely about
400 km) will allow the study of topside turbulence, as
previously detected by incoherent scatter radars, driven
by precipitation from above in the case of natural
emissions, and Z-mode propagation from below in the
case of artificial emissions.
The direction-finding capabilities of the proposed 3-D
vector antenna for GimmeRF will add even more
specificity and interest to the data. Analysis of
direction-finding measurements will include the use of
available ionospheric data in combination with radio
propagation models to optimally account for refraction
and ducting be- tween the source and the satellite.
The wide bandwidth of GimmeRF will also allow the
possibility of completely new discovery focusing on
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harmonics of radio emissions in all ionospheric regions,
as harmonics with frequencies above fOF2 can
propagate past the F region peak. Signals from
unwanted ground-based transmissions are mostly likely
to be seen at frequencies above the ionospheric peak
frequency, so the capabilities of the on-board data
processing and signal discrimination planned for
GimmeRF will also be important. For this type of
measurement the proposed 3-D antenna will be critical
in determining the direction of origin of the observed
waves.
Polarization studies of radio turbulence, both natural
and artificial, are still in their infancy, and the full
polarization capabilities of the proposed antenna, paired
with the capabilities of the GimmeRF instrument, will
shed new light on the processes responsible for both
types of phenomena.
To better understand the radio emissions, downloaded
radio data will be correlated with ion turbulence data
from CARLO and with geophysical data from other
satellites, and from ground-based instruments such as
radars, magnetometers, and optical imagers.
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